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THE MOISTURE CONTENT OF BUTTER AND 
METHODS OF CONTROLLING IT
-----B Y -—
G. L. McKAY *  c . LARSEN
IN T R O D U C T IO N
Much American butter has in the past been criticised by 
commercial judges on account of containing too much moisture 
(leaky butter, as butter judges term it), when, in reality, it 
showed by chemical analysis only a low percentage of water. 
This is undoubtedly due to improper incorporation of the mois­
ture, as much butter, apparently dry, contains a high moisture 
content.
It is also a well known fact that the amount of butter which 
is being made from a given amount of fat varies a great deal at 
the different creameries. Some makers are able to produce only 
n o  pounds of butter from ioo pounds of fat, while some other 
makers are able to produce 120 pounds of butter of equal com­
mercial quality from the same amount of fat; that is, some are 
able to get an overrun of only about ten per cent, while some 
others obtain an overrun of about 20 per cent.
The importance of incorporating the moisture in butter 
properly, of having control of the conditions which govern over­
run, and of knowing how much moisture the best commercial 
butter can contain without injury to the quality, can hardly be 
overestimated. It affects directly the financial success of a 
creamery, and it is the object of the investigation herein re­
ported to solve, at least in a measure, these problems.
C A L C U L A T IO N  O F O V E R R U N
The amount of overrun is the difference between the 
amount of pure butterfat and the amount of butter manufac­
tured from that given amount of fat. This difference divided 
by the amount of fat, and multiplied by 100 will give the per­
centage of overrun. The calculation of overrun in the cream­
ery should always be made from the fat basis on which the pat­
rons are being paid. If the fat is delivered in the milk, the 
overrun should be calculated from the fat present in it. If it is 
delivered in the cream, the overrun should be calculated from
3
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the fat in the cream. The overrun calculated from the com­
position of the butter manufactured would not be an indication 
of the proper overrun, as there might bp serious losses of fat 
sustained during the different steps in the manufacture of the 
butter, such as from inefficient skimming, incomplete churning 
and general leaks in the creamery. It is possible that butter 
might show a high content of those substances not fat, and yet 
not show a good overrun on account of losses, while butter con­
taining only a medium high moisture content might show as 
great or greater overrun on account of thorough and efficient 
work during the different steps in the manufacture.
The effect that the losses of fat in skimming, churning and 
incidental leaks will have upon the percentage overrun as cal­
culated from the composition of butter will vary in different 
creameries and under different conditions. When work is car­
ried on with average factory efficiency, there is a loss of about 
one-tenth per cent of fat in the skimmilk and about two-tenths 
of a per cent of fat in the buttermilk.
If for instance, we start with 1000 pounds of milk, testing 
4 per, cent, there would be a total of 40 pounds of fat; on skim­
ming we get 1-8 of it as cream or 125 lbs. This would leave 
875 pounds of skimmilk. If there were .1 per cent of fat in the 
skimmilk there would be a loss of .875 lbs. of fat during skim­
ming, which alone, without taking into consideration any losses 
in churning would decrease the percentage overrun about 2.6 
per cent. There would then be 39.125 pounds of fat in the 125 
pounds of cream. If io 'per cent of starter were added to the 
cream we would get 137.5 pounds of cream, testing 38.4 per 
cent fat. By churning this we would obtain about 98 pounds of 
buttermilk. If it tested .2 per cent fat, there would be a loss 
of about .2 pounds of fat, which would decrease the percentage 
overrun about .9 per cent. In the average creamery this total loss 
in the percentage overrun during skimming and churning would 
be about 3.5 per cent. This is making liberal allowances, as 
most separators skim closer than .1 per cent, and buttermilk 
ought not to contain much over .1 per cent fat.
It will thus be seen that when the overrun is calculated 
from the composition of the butter, the losses during, the dif­
ferent steps of manufacture must also be taken into considera­
tion.
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O V E R R U N  V IE W E D  F R O M  T W O  S T A N D P O N T S
(a) From the Consumers Standpoint.
(b) From the Producers Standpoint.
(a) When viewed from the,,-first mentioned standpoint, it 
may seem at the first impulse, that the less moisture which can 
be incorporated in butter the better it is for the consumer, for 
the simple reason that it- will contain more fat, and conse­
quently more nourishment. This, however, is true only to a 
certain extent. Butter is not eaten so much for the nutriment 
it contains as it is for the relish it offers, and butter containing 
between fourteen and sixteen per cent of moisture is just as 
relishing and palatable as the butter containing only about eight 
or ten per cent, providing the moisture has been properly incor­
porated, and the qualities are the same. Water is an integral 
part of the essential food constituents of butter, the same as 
it is of all other foods. In fact, when the variation and amount 
of moisture in butter ar? compared to the variation and amount 
of moisture present in other essential foods, butter shows a 
variation within comparatively narrow limits and the percen­
tage of moisture is very low.
According to Atwater1 wheat bread contains about 35 per 
tent moisture, molasses about 30 per cent, cheese about 30 per 
cent, edible portion of beef from 43 to 66 per cent. (Tender­
loin contains the highest per cent of water, namely 66 per cent); 
pork contains from 8 to 48 per cent; fish from 20 to 62 per 
cent, according- to the kind of fish. All vegetables and fruits 
have a very high content of moisture: apples about 63 per cent, 
strawberries about 86 per cent, cabbage about 78 per cent, to­
matoes about 94 per cent, potatoes about 63 per cent, etc. But­
ter as given by Dr. Atwater, contains only 10.5 per cent of 
moisture.
It has been proven from different sources, that butter can 
contain about sixteen per cent moisture without injury to its 
commercial quality and with justice to consumers. This fact 
has been recognized by the world’s greatest consumers of but­
ter and best butter judges. Germany has considered 16 per cent 
of fat as the maximum standard of moisture, England as the 
greatest butter consuming country, has also recommended 16 
per cent of water in butter as the maximum standard, and the 
United States as a great butter producing country ought not to 
lower this world’s butter market standard for moisture.
If butter containing a low percentage of moisture (7 to 8
1 F arm er’s Bulletin 142, U. S. A., Dept. Agr.
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per cent) were demanded by the consumers to a greater extent 
than butter containing from 14 to 16 per cent moisture, then 
there would be some object in keeping theJamount of moisture 
in butter down to a low standard, as it is in American butter 
today. The Danish butter, which is recognized as being the 
best butter in the world’s market, contains on an arevage nearly 
15 per cent moisture.2 New Zealand and American butter is 
comparatively dry, and all other brands, except the Irish pickled 
butter, contain less moisture than does the Danish. In the 
face of this, the English people, prefer the Danish butter at a 
higher price. The Danish butter is not sold at the top market 
price on account of containing an excess of moisture. There 
are other qualities which make Danish butter desirable, but it 
proves that a high moisture content (about 15 per cent), in it­
self, does not necessarily injure the quality of the butter.
1 2 3 4 5
NO. I
This shows the same kind of butter as in Cut 2, in a melted condition. The pure fat is the 
dark color at the top. The light color at the bottom represents the curd, salt and 
water.
(b) When studied from the producer’s standpoint, it is 
easy to see that if, through skilful and intelligent means, the 
average moisture content of American butter could be raised 
from 12 per cent to 15 per cent, without injury to the com­
mercial quality of butter, a great additional profit would be
2 Report of Government Test, Copenhagen, Denmark.
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added to the dairy industry, it  would mean about three pounds 
of butter more per hundred pounds of fat. In the state of Iowa 
it would increase the yield of butter about two million pounds, 
which would mean a financial increase to dairymen of Iowa of 
about $400,000.00, without the investment or the expenditure 
of a single dollar.
It should be distinctly understood that the writers do not 
favor an excessive amount of moisture in butter, but since the 
world’s best commercial and scientific butter judges, when 
viewed by them from the consumer’s as well as from the pro­
ducer’s standpoint, have fixed the maximum standard of mois­
ture in good butter to be 16 per cent, it is a matter of business 
for the producers to come as near to this standard as possible. 
In order to do this it is necessary to-Understand and learn how 
to control the conditions which govern the overrun in butter- j 
making, and also to learn how to properly incorporate the mois- j 
ture in butter.
That American butter is low in its moisture content is j 
shown in thé following instances : In the Iowa Twelve Months’ 
Contest, some butter was found to contain about seven per 
cent, moisture, while other samples contained as high as 18 per 
cent. (A full report of this test will be given in the near future.) 
Major Alvord, Chief of Dairy Division, Washington, D. C., re­
ports an average of 11.8  percent of moisture found in 800 sam­
ples from four hundred creameries in eighteen states of the 
United States, taken during the year of 1902. Different Amer­
ican investigators and authors report analysis of American but­
ter as follows: .
1 Van Slyke........ .'........... .........
Moisture
..................13.00
F at
83.5
Curd
1.
Salt and Ash 
2.5
2 Atwater .. : ........................ .. . .................. 10.5 85.0 1. 3.
3 Sadtler...................................... .................. 11.57 85.60 1.17 1.66
4 W in g ................................. .. .................. 11.00 85.00 1. 3.
Average.. ........... 11.51 84.77 1.04 2.54-
1 Penn. Bull. 104.
2 Farm er’s Bull. 23, Washington, D. C.
3 Industrial Organ, Chem.
4 Milk and its Products.
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1 2 3 4 5
NO. 2
Butter from 1 lb. of fat in cylinders, showing the effect of different per centages of moist­
ure upon quantity, without affecting the apparent commercial quality.
The chemical analysis of the butter shown in cuts i  and 2 
is as follows:
W ater F a t Curd Ash and Salt
per cent per cent per cent per cent
No. 1 19.80 76.70 .9 2.60
No. 2 17.85 79.23 1.32 1.60
No. 3 14.06 83.90 .67 1.37
No. 4 10.1 86.7 1.10 2.10
No. 5 8.3 89.2 .9 1.60
Nos. 1 and 2 were made from the same churning. Nos. 
3 and 4 and 5 were made from one other separate churning,
Moisture affects butter in two principal ways, according 
to the way in which it is incorporated, (a) by causing leaky 
butter; (b) by making the butter appear dull and dry. •
L E A K Y  B U T T E R
(a) This condition is very common in commercial butter. 
It has been the opinion among butter judges in the past that 
whenever the water appeared in large drops on the butter when 
sampled, and seemed slushy, that it contained too much mois­
ture. This, however, is not always the case, as butter will not 
hold excessive moisture when it is present in that form. Such
8
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butter will not contain as much moisture as that which appears 
dull and dry. Even though this leaky butter does not contain an 
excess of moisture, it is a very undesirable condition to have 
present in butter, as most consumers object to this apparent 
slushiness.
This leaky condition is brought about chiefly by churning 
the butter to small granules, washing the butter very little 
in cold water, salting heavily while butter granules are still 
small and firm, and working very little in the presence of mois­
ture or brine.
By wa'shing butter very little in cold water the fine gran­
ules will continue to appear as distinct individuals. If the salt 
• is'added- while the butter is in this granular condition, it tends 
to dislocate and run together the minute water drops in butter 
into larger drops. Salt seems to be able to attract the moisture 
from the inside of these small granules to the outside. When 
the moisture is once attracted to the outside of these granules 
into large drops, and the butter worked together in the pres­
ence of brine, the moisture will be caught in pockets or crev­
ices. As soon as such butter is bored, it will have a leaky ap­
pearance. When moisture is properly incorporated in butter, it 
should be present in exceedingly minute drops. In such a 
fine state of division it will not escape from the butter.
It is possible to get an excess of moisture by treating but­
ter as described above, but it will be leaky and appear slushy. 
If there is no water or brine in the churn during working and 
the butter is medium firm, then the moisture will be expressed 
from the butter at the rate of about .3 per cent for every revolu­
tion of the churn.1 That this leaky butter is not, as a rule, the 
kind of butter which contains an excess of water has been dem­
onstrated during this work. This was also shown by the Dairy 
Division, Washington, D. C., in circular No. 39, The W ater 
Content of Creamery Butter. We quote from this circular as fol­
lows :
“In the September butter the scorer, an experienced and most com­
petent judge, marked eight tubs as showing tdo much moisture ( commer­
cially). Samples from these averaged 12.67# of water. Two packages 
marked ‘full of water’had 10.77# and 11.45# (average 11.11#), and two marked 
‘worked too dry) had 11.25# and 13.80# (average 12.27#). These results show 
the impossibility of forming an accurate opinion as to actual water content 
of butter from its appearance alone, even when closely examined by a keen 
observer.”
This leaky condition of moisture in butter may give a 
wrong impression to the consumers as to its moisture content. 
Major Alvord, Chief of Dairy Division of U. S. Dept, of Ag., 
reports that a great many butter buyers on the English market,
1—Bulletin 71, Iowa Experim ent Station.
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have the opinion that American butter contains an excessive 
amount of moisture. This conclusion evidently has been reach­
ed on account of the water in American butter often appearing 
in this leaky condition as described above.
D R Y  A P P E A R IN G  B U T T E R  
(b) The dull and dry appearing condition of butter may 
.be due (i) To the presence of an excess of moisture properly 
incorporated, (2) To the treatment the butter receives during 
the manufacture. Where thè dull appearance is due to mois­
ture, the water has been incorporated during the churning or 
during the washing process, through excessive churning in the 
buttermilk or in the wash water. Where this fault is due to the 
treatment during the manufacturing process the dullness is 
caused by churning at very high temperature. (Such soft butter 
also contains a high moisture content but a great deal of fat 
is lost in the buttermilk,) or by overworking the butter. If 
the dullness is brought about by being overworked it will as a 
rule contain very little moisture, though its appearance may be 
like that containing an excess.
It thus becomes very difficult to differentiate between but­
ter containing much and little moisture. The only way known 
to distinguish these two kinds of dull butter without a special 
test, is to sample it with a butter trier in a medium warm room. 
Both samples will appear greasy ; the back of the trier will not 
be clean after the sample has been drawn. The dull dry butter, 
which shows stickiness on both sides of the trier when drawn, 
but does not shrivel or roll on the trier usually has been over­
worked. When such butter is mashed between the fingers it 
does not seem to melt very rapidly, but assumes more of a 
dough-like appearance. When a plug of butter, drawn with a 
trier, is broken in two and examined, the ends where it has 
been broken will appear dense and dull, similar to a piece of 
gum which has been chewed for a while, only not sticky to so 
great an extent.
If the dullness is- due to an excessive amount of . moisture it 
is difficult, and in some cases impossible, to draw a whole trier- 
full of butter at a time. The butter will roll and shrivel on both 
sides of the trier. A  tub of butter containing forty per cent 
of moisture was sent to New York to be scored by Mr. Healy. 
It scored 81, and the remark on the card made by the judge 
was “ The worst ragged boring butter I ever saw.” Butter con­
taining so much moisture as this will not stand up in a medium 
warm room. When a small sample of it is taken into the mouth 
it melts at once, and seems to disappear in the mouth as does a 
snow-flake when taken into the mouth.
10
Bulletin, Vol. 7 [1903], No. 76, Art. 1
http://lib.dr.iastate.edu/bulletin/vol7/iss76/1
!45
These peculiarities do not show, in a noticeable degree, in 
the butter unless there is more than 18 per cent of moisture 
present. It requires a keen observer, even then, and a good 
judge, to notice these peculiarities when there is as much as 20 
or 22 per cent of moisture present, provided the moisture has 
been properly incorporated. Incorporating more moisture than 
16 per cent is to be strongly condemned, first, because it is 
against the law, and second, because the consumers’ interest 
must be considered as well as the producers’.
Water constitutes the largest portion of the constituents 
in butter, not fat. For this reason moisture will receive the 
greatest attention in this work.
C O N D IT IO N S IN F L U E N C IN G  M O IS T U R E  C O N ­
T E N T S  O F B U T T E R
(1) Temperature of Cream and Wash Water.
(2) Amount of Churning.
(3) Amount of Churning in Wash Water.
(4) Per cent of Fat in Cream.
(5) Amount of Working Butter Receives.
(6) Pasteurized or Unpasteurized Cream.
(7) Fullness of Churn.
(8) Working in the Presence or Absence of Moisture.
(9) Degree of Ripeness of Cream.
(10) Nature of Fat in Cream.
/. E f f  zct of Tem perature o f  Cream and Wash Water.
When churning temperature is considered it is essential 
that the length of time the cream has been exposed to certain 
temperatures before churning must be taken into consideration. 
For instance, if a vat of cream were ripened at 70 deg., then 
quickly cooled to 48 degrees, and churned at this temperature at 
once, the butter would come very soft, even though 48 degrees 
is a very low churning temperature, while on the other hand, 
if cream were kept at a temperature of 48 degrees over night be­
fore churning, and then warmed to about 56 degrees, the butter 
would come in a medium firm condition, at least, much firmer 
than it would in the first case described when churned at 48 de­
grees. The fat globules should be exposed to the low tempera­
ture at least two or three hours before churning, as fat globules 
are very poor conductors of heat. In these experiments the 
cream was exposed in all instances to the low temperature at 
least three hours before it was churned.
In the following experiments on the effect of temperature 
upon moisture in butter, a definite amount of cream was taken 
in each case and ripened together in one vat. Half of this cream
11
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was churned at a low temperature and the other half at a high 
temperature. The degree of churning in each case was as 
nearly the same as conditions would permit From table No. 1 
it will be seen, that the moisture content of the butter churned 
at a high temperature is not very much greater than that of the 
butter churned at a lower temperature. This seems to indicate 
that temperature in itself has very little effect upon the mois­
ture content of butter, but whenever the churning temperature 
is high, it is very difficult and in most cases impossible to stop 
the churning early enough without overchurning it. By very 
little overchurning when the butter is in such soft condition, it 
takes up moisture very rapidly. Butter churned at a high tem­
perature will retain its moisture better than butter churned at a 
low temperature, as it is not so easy to express the moisture 
from it during the working process. It will be seen from the 
table that the average moisture contained in the butter churned 
at a high temperature, is a little higher than of that churned at 
a lower temperature. This is chiefly due to the property of the 
softer butter to retain its moisture content during the working 
process.
E x p . a l :  8 62 60 2W  15.08 81.14
E x P- 3 / 6 48 60 23# 12.83 83.26 1.62 2.29 i  S ?o n  a Ä S t
V ' of too low temp.
In the above experiments the amount of working and wash­
ing have been the same in each experiment and the different 
lots of cream were the same in each experiment. This would 
make practically all of the conditions the same for comparison of 
results.
The proper temperature of. butter is about 56 degrees F . 
This particular temperature is true during the fall and winter
T A B L E  1
E ffect o f Churning Tem perature on M oisture.
Churn, wash of -------------*■
Temp. Test Chemical Analysis
No. temp, water cream Water Fat Curd Salt R em ark s
1 64 58 26# 13.43 83.41 1.14. 2.02
2 52 58 26# 13.09 84.40 .87 1.64
4 54 60 23# 13.81 80.97 1.23 3.99
5 60 60 23# 12.98 84.17 1.47 1.38
Average moisture in butter churned at high temperature 
“ “ “  “  “  “  low “
13.83#
13.24#
12
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months in this section of the country. At this temperature the 
degree of hardness resulting from such temperature is seem­
ingly most favorable. If the temperature is much lower the 
moisture content of it cannot be controlled very well unless it is 
exposed to excessive churning in buttermilk or in the wash 
water. This tends to spoil the body of the butter. At about 
56 degrees F. or a trifle higher 'in' the winter season, it will ab­
sorb water quite rapidly on churning, and the degree of softness 
is such that it will not be expelled on working. Butter when in 
this medium soft condition will dissolve the salt quicker and al­
low it to b  ^ more evenly distributed throughout, while if butter 
is very firm it takes up salt with more difficulty, and the mois­
ture is expressed during working.
2. Amount o f Churning.
As will be seen in the following table churning is one of 
the most effective means, in fact the most effective, in control­
ling the moisture content of butter. If carried to an excess 
all other factors are subordinate, and have little or no influence 
in controlling the moisture in butter. Temperature is the only 
one which retards incorporation of moisture during churning. 
If overchurned in the buttermilk, at 50 deg. F., the churning 
process has to be carried on a long time before an excess of 
moisture is incorporated. The amount of moisture in the butter 
during different churning stages can be estimated very closely by 
the degree of softness and size of granules of the butter. As a 
rule, the larger the granules, and the softer the butter, the more 
moisture it contains. It will be seen from Table 3, that one lot 
was churned until it contained as much as 44.5 per cent of mois­
ture. Whenever a certain stage of softness is reached, due either 
to overchurning or to too high temperature, the butter seems to 
take up water very rapidly. As soon as this particular stage has 
been reached, and the churning is continued, the butter be­
comes very soft almost at once, and the butter begins to sep­
arate out from lumps into large irregular granules. If the but­
ter is finished at this stage, without hardening much, it will con­
tain about 30 per cent of moisture. The body of such butter 
is very poor and the buttermilk cannot be washed away from 
it. As a consequence it will contain an excess of curd and milk, 
sugar. Such butter is likely to turn sour in a short time, the 
sourness being due to the formation of acid from the milk 
sugar present. By churning to such a high degree much fat is 
lost in the buttermilk, as much as 2 per cent.
13
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T A B L E  2
E ffect o f Overchurning uj>on M oiçter Content.
Temp. Chemical Analysis
No. cream water F0*fat granules Water Fat Curd Salt
Exp. 4 •
7 58 60° f 23.5 small 18.27 78.55 . .79 2.39
8 58 60 23.5 large 20.38 77.25 1.14 1.23
Exp. 5 •
9 58 60° f 22.5 small 14.19 82.91 1.27 1.63
10 58 60 22.5 large 17.01 80.31 1.48 1.20
r 11 50 60° f 20 small 13.25 83.13 1.20 2.42
12 50 60 20 medium 14.50 82.85 1.50 1.15
Exp. 6«
13 50 60 20 j mediurplarge 14.36 82.03 1.54 2.07
.L 14 50 60 20 lumps 22.99 72.84 2.26 1.91
r 15 55 50° F 25 medium 14.56 83.38 1.05 1.21
Exp. 7- 16 55 50 25 large 15.66 82.10 .91 1.3.3
86 Jl1755 50 25 lumps 15.50 82.49. 1.15
Í  18 55 60° f 21 small 13.10 84.24 1.40 1.26
19 55 60 21 medium 14.63 82.25 1.19 1.93
Exp. 8« 20 55 60 31 \ mediumlarge 13.78 83.48 1.18 1.56
21 55 60 21 large 13.99 83.31 1.17 1.53
22 55 60 21 lumps 15.19 81.28 1.25 2.28
23 55 60° F 21 medium 13.35 84.08 .82 1.75
Exp. 9
( 24 55 21 lumps 18.35 79.31 1.18 1.16
Remarks
Rolled in water 
between two 
ladles
Blitter soft
In the above experiments the samples of butter in each case 
were taken from the same churning at different churning stages. 
The first sample in each experiment was taken when the gran­
ules were small (the size of wheat kernels). The churn was 
stopped and a sample taken from each churning at intervals as 
the churning progressed. A  small sample of butter (four 
pounds) was taken from the churn each time and washed in 
water at the temperature indicated in the table. Buttermilk 
corresponding to the amount of butter taken, was let out each 
time. The butter was then salted and worked an equal number
14
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of revolutions on the Mason worker. The last sample in each 
experiment was washed, salted and worked in the combined 
dairy Victor churn.
It will be seen from Table 2 that the more the butter is 
churned the more moisture it contains. This is especially true 
if the butter is soft. None of the butter in Table 2 was over­
churned very much, from three to t,en revolutions between each 
sample. This had only comparatively little effect upon the size 
of granules, especially when cream was thin and cold.
The samples of butter containing a high moisture content 
did not show the moisture in any way. It was a trifle dull in 
color but appeared very dry.
Though some of these samples contained an excess of mois­
ture, the method employed in incorporating it, furnishes the 
key-note as to how moisture should be incorporated in butter 
without getting the leaky condition.
3 . C hurning in Wash Water.
In order to ascertain whether this moisture can be incor­
porated in the same condition by churning in the wash water, 
at different temperatures of wash water and'cream, to the same 
or to a greater extent, a large number of experiments were car­
ried on, which are reported in Table 3.
The detailed data are kept on record at the college. Only 
such data as bear directly upon what is to be proven are in­
cluded in Table 3. In nearly every instance where high churn­
ing temperatures were employed the fat test of the buttermilk 
was higher than when churned at lower temperatures.
A  number A2 Dairy Victor Combined churn with a butter 
capacity of eighty pounds was used in all the experiments.
The churning temperature used may seem little high, but 
the conditions were such that a comparatively high temperature 
was necessary. A  churning temperature of 57 degrees F. pro­
duced only medium soft butter.
In explanation of the words used in the Tables 2 and 3 
to indicate the size of the granules, the w ords/‘small.”  “ med­
ium,”  “ medium large,” “ large,” “ very large,” “ lumps,”  came 
nearest to expressing the ideas the writers wished to convey. 
“ Small”  indicates about the size of a wheat kernel; “ medium” 
about the size of a pea; “ medium large”  about the size of a corn 
kernel; “ large” about the size of a walnut; “ very large,”  about 
the size of a clinched fist; “ lumps,” .when the butter had united 
into large masses and had become soft.
It will be seen from Tables 2 and 3 that a small increase in 
the size of the granules did not increase the moisture content
15
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materially. As soon as the butter united into lumps, especially 
when it was done quickly (due either to high temperatrue or 
rich cream) then the butter always contained a high moisture 
content.
T A B L E  3
E ffect o f  O verchurning in Wash Water ui>on the M oisture
Temp. 
No. cream
Temp.
wash
waterr25 57 60° F
Exp. 10rj 26 57 60
1
l
27 57 60
r 28 55 , 60
29 55 60
Exp. 11 rj
30 55 60
l
Í 31 58 60
Exp. 12) 32 58 60
1 33 58 60
I 34 55 60
Exp.l3rj 35 55 60
;L 36 55 60
( 37 55 60
Exp. 14 j 38 55 60
Í 39 55 60
Exp. 15 ^ 40 55 60
m 41 55 60
Content o f B utter. '
Chemical
Per ct. 
fat
Sizi of 
granules Water Fat
20 small 14.93 83.42
20 large 15.85 81.65
20 lumps 15.95 81.08
20 small 14.34 83.45
20 large 16.74 80.55
20 lumps 20.34 76.01
25 small 15.97 82.30
25 lumps 23.23 74.71
25 lumps 23.86 74.09
25 small 15.45 82.69
25 medium 15.77 81.36
25 j mediumlarge 15.69 80.19
30 small 15.52 81.30
30 lumps 26.69 70.63
35 medium 16.19 81.46
35 lumps 25.19 70.90
35 lumps 26.47 68.23
Curd Salt R e m a r k s
.84 .81
1.02 1.48
aa o m  I Butter in .96 2.01 1 good condi-
' tion
1.22 .99
1.65 1.06
i Washed 4 rev. more than the remainder. Butter little soft
.76 .97)
1.22 .84 l Bsoftrlittle
1.11 .94 J
1.11 .75)
i in  Butter in 1.41 1.46 }■ good condi-
1.81 2.31 j tion
1.33 1.85
i m  i nm ) Butter little1.01 1.67 Might and
> dull
1.25 1.10 
2.24 1.67 
2.15 3.15
16
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T A B L E  3 — Continued.
Chemical Analysis
Exp. 17
Exp. 18<
Exp. 20-
[amp. wash per ct. Size of
>. cream water fat granules Water Fat Curd Salt R em ark s
42 62 50 40 lumps 26.86 69.98 1.01 2.15 -^Body greasy
43 62 50 45 lumps 19.46 78.50 .83 1.21'
44 62 50 45 lumps 24.60 72.74 1.65 1.01 B u tte r  little  
y soft and
45 62 50 45 lumps 22.92 74.85 1.36 .87 g re a sy
46 62 50 45 lumps 28.23 69.32 1.14 1.31,
47 58 50 40 j smallirregul’r 18.81 78.66 1.29 1.24
48 58 50 40 J mediumlarge 18.88 78.66 1.34 1.12
49 58 50 '40 lumps 18.67 77.87 1.12 2.34
50 58 50 40 lumps 25.66 71.45 .95 1.94
51 58 50 40 lumps 35.88 60.94 .92 2.26
Butter tallowy 
and dead in
appearance
52 55 50 35 small 15.77 81.97 1.06 1.30
53 55 50 35 lumps 20.83 .76.47 1.71 .99
54 55 50 35 lumps -20.10 77.44 1.53 .93
Very poor body.
55 55 50 35 lumps 43.39 54.26 1.03 1.32 Overchurned in wash water a 
1 great deal
56 53 50 30 small 14.40 83.61 1.20 .79
57 53 50 30 medium 13.19 84.28 1.31 1.09
58 53 50 30 large 14.43 83.14 1.20 1.23
59 53 50 30 lumps 23.84 73.43 .92 1.81 * Overchurnd in
wash water a
60 53 50 30 lumps 44.65 53.23 .63 1.49 .  long time.
deal and sticky.
61 52 50 25 small 13.22 84.60 1.01 1.17
62 52 50 25 large 12.76 85.34 1.00 .90
63 52 50 25 lumps 13.64 84.43 .89 1.04
j Butter firm, be-
64 52 50 25 lumps 13.47 84.23 ' .72 i to  Í came dense 1 Ç and massive
17
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T A B L E . 3 —-Continued.
Temp, , Chemical Analysis
No. .
lamp.
cream
wash
water
per ct. 
fat
Size 01 V, '—---- r—
granules Water Fat Curd Saft Remarks
r 65 53 50- 20 small 14.71 83.74 1.01 .54'
66 53 50 20 niedium 14.92
\ medium 15 26 
1 large
83.31. 1,27 ,50
Butter me-
V'67 53 50 20 82.48 3.12 1.14 dium firm, became a 
trifle soft-
Exp. 22- . 63 53 .50 20 large 15.89 82.17 1.22 ,72-¡ er and a c ­quired a
-69 ; 58 50 20 k  S & ï -  17.13 
( large 80.87 1.28 : -77
m a s s i v e  
dense ap­
pearance.
70 53 L 0 . 20 lumps 15.73 82.56 .98 .73
i n 53 v5(V 20 lumps 16.48 79.96 .98 2.63,
r A 2 52 52 15 medium 15.31 82.82 .94 .93 ^
73 52 •52 15 i  medium 14 64 
( large 83.35 1:07 .94 Butter firm;acquired a
E xp .23- 74 52 52 15 ' large 13.93 84.18 1.01 .88 > light color 
' and mas-
75 52 52 15 large 10.43 87.20 .96 1.41
sive body.
1 76 52 52 15 lumps 14.66 83.15 .90 1.29
- 77 55 54 27 small 12.98 84.65 1.03 1.34
Exp. 24-
78 55 54 ' 27 medium 13.69 83.83 .44 2.04
79 55 54 27 medium 15.66 82.05 .99 1.30
k 80 55 54 27 medium 16.46 80.25 .24 3.05.
I « 57 54 27 small 14.63 82.70 .85 1.82
Exp. 25-
82 57 54 27 medium 14.96 82.46 .97 1.61
83 57 54 27 medium 16.97 80.59 .95 1.49
1 84 57 54 27 * medium 15.91 81.23 .82 2.04
18
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NO. 3
Showing size of granules when churn was first stopped (Small). Sample 77 in E xp .
24. Moisture content 12.98 per cent.
.That butter retains the salt and brine better after the but­
ter has been churned into masses is also plainly shown in most 
of the experiments in tables 2 and 3: . The rate of salt added 
to the pound of butter was thé same in each sample, viz. 1-2 
oz. to the lb.
The samples4in each, experiment in Table 3 were taken 
during different stages of churning in the wash water. The 
churn was stopped the first time while granules were still small 
(a trifle larger than wheat kernels), as soon as the completeness 
of churning had been assured. The first sample in each exper­
iment was taken from the buttermilk, washed in a sieve in a 
pail of water, salted and worked six revolutions on the Mason 
worker. The wash water was then added to the remainder of 
butter left in the churn, at the temperature indicated in Table 
3, and sample taken out on the Mason worker at intervals dur­
ing churning, to be salted and worked an equal amount. The 
last sample in each experiment was salted and worked in the 
combined churn.
It will be seen from this table that when the cream is thick 
and churned at a high temperature too much moisture is in­
corporated, even though, it be churned only a normal amount.
By churning at a high temperature and washing with cold 
water, much moisture will be incorporated in the butter, pro-
19
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viding it is not cooled to such an extent that the butter will be­
come hard. The sudden chilling of the ,butter globules on the 
outside, by washing with cold water, seamed1 to imprison and 
prevent the moisture from escaping during working. Such 
treatment always imparts a very dead color to the butter, (tal­
lowy.) i
By churning cold and washing with warm wash water the 
butter is also brought into a condition where it will absorb and 
hold moisture. Churning at high temperature and washing cold, 
and churning at low temperature and washing warm are two 
conditions which must be guarded against. Sudden changes of 
temperature of butter in the presence of moisture is favorable 
for getting an excess -of water into butter. The condition of 
butter for absorbing and holding moisture is increased by agi­
tation in the presence of moisture.
C ut 4
This butter contained 15.26 per cent, moisture when completed. Showing size of 
granules when churn was stopped. Sample 67 in E xp . 22.
By excessive churning in water the butter will absorb and 
hold as much as 46 per cent water. If the temperature is low, 
the incorporation of moisture by churning is retarded a great 
deal as is shown in Experiment 22, while if the temperature is 
higher a comparatively small amount of churning will cause 
the butter to absorb moisture rapidly, and to retain it better, as 
shown in Experiment 17. In samples Nos. 55 and 60 in Experi-
20
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ments 19 and 20, the buter was churned for more than a half an 
hour in the wash water. The butter became very soft and be­
gan to stick on the inside of the churn. This was done to see 
how much water butter would hold and absorb without the 
use of the so-called butter increasers. Even when butter con­
tains this much moisture, the butter does not appear leaky. The 
more it is agitated in the presence pf moisture the duller and 
lighter it will be. It loses entirely that bright sparkling color 
which good butter should have.
Such an excessive amount of churning must be strongly 
condemned. Quality must receive first consideration. When 
butter has been dverchurned a trifle, so it contains about eigh­
teen per cent moisture, it is difficult to remove the buttermilk 
from the quite large granules, and the danger of spoiling the 
butter on standing, is introduced. In order to avoid this and 
still retain and make use of the proper principle of incorpora­
tion of moisture, the churn can be stopped when the granules 
of butter are still small, and then control the moisture content 
in the butter by churning a trifle more in the wash water at the 
proper temperatrue.
C ut 5
Showing size of granules (lumps) before it was churned enough to become soft. 
Moisture content when completed 23.S4 per cent. Sample 59 in E xp . 20.
By churning a trifle more-than ordinarily in wash water, 
the buttermilk is efficiently removed; the water content can be
21
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leaky condition.
The temperature of the wash wateç should be regulated 
according to the degree of hardness and softness of the but­
ter, and in some cases according to the room temperature; The 
water should not be so cold as to cause the small granules to 
become hard and to stay apart. In such a condition, the butter 
takes up salt with difficulty, and when it is worked in the ab­
sence of moisture â great deal of moisture is expelled. As the 
temperature of wash water, in. order to get a certain degree of 
hardness of the butter, will vary during the different seasons of 
the year, no specific temperature can be given. This must be 
left to the judgment of the operator. The temperature must 
not be high enough to injure the body of the butter.
The amount of water to use is also of importance. The 
less water that can be used and still obtain efficient washing the 
better it is. If a large amount of water is used in the churn it 
is difficult to gather the granules of butter, especially when the 
churning is small. This is true even though the-temperature 
of the wash water may be comparatively.high. A  large amount 
of churning in a gréât deal of wash water is unfavorable to the 
flavor of the butter. It tends to absorb the desirable butter 
flavors and impart a flâtish taste to'the butter. In case the 
butter is of poor quality a greater amount of washing can be 
given to the butter, without any particular injury to it, provid­
ing the wash water is of average purity.
In order to retain the moisture in butter and to incorporate 
it properly, it is necessary that the butter is not in the hard 
round granular shape when the salt is added. The butter gran­
ules must not be churned together to such an extent as to cause 
butter lumps to appear massive throughout before the salt is 
added, but the small, somewhat irregular butter granules should 
be united into larger lumps, so that when the mass of butter is 
opened with a ladle, the small granules can still be distinguished 
as individuals. At this stage it is in proper condition for salt­
ing. By working thé butter immediately after the salt has’ been 
added, the salt will be dissolved quickly and retained by the 
butter. Salt has the property of attracting moisture. When 
added to the butter while in the above-described condition the 
salt does not seem to have so great a tendency to’ dislocate and 
run together the minute drops of water into larger drops. This 
minute state of division of moisture in butter is seemingly 
brought about by an increase in churning, a building-up 
process of moisture and fat globules which cannot be accom­
plished, so far as known, in any other way than by churning it.
22
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It has been a general practice in creameries, in the past, 
to add the salt to butter while it was still in a granular form ; 
then revolve the churn a few revolutions until the salt is well 
mixed with the small butter granules. This method has a ten­
dency to produce leaky butter. If the butter is gathered a 
little more before the salt is added, it will retain moisture in a 
better shape. It is necessary, however, to start the workers 
immediately after the salt has been 'added. I f  the churn is re­
volved without putting the rollers into gear, the salt will not be 
worked into the butter. Much of it will be lost in the churn. 
When butter is gathered before the salt is added, it is well to 
leave out the drain plug in the churn.
4- Influence o f -per cent o f  F a t in Cream  on M oisture 
Content o f  Butter.
When all other conditions are alike, the richer the cream 
the more moisture the butter churned from it will contain, as 
will be seen in Table 4. In conducting these experiments great 
care has been taken in order to get all conditions the same, 
except the amount of fat in the cream. It is difficult and almost 
impossible when thick cream is being churned to stop the churn 
when the granules of butter are of the same size and shape as 
when thin cream is being churned. When thick cream, is being 
churned and the temperature is medium high it is almost impos­
sible to stop the churn while the butter is in a granular condi­
tion. Usually the butter is gathered to a great er or less extent 
when the churn is stopped. If it were possible to stop the churn 
while the butter was in granular shape, as when thin cream is 
being churned, butter churned from thick cream evidently 
would not contain more moisture than that churned from thin 
cream. The reason, that the butter churned from thick cream 
contains more moisture is supposed to be due to unavoidable 
overchurning.
23
McKay and Larsen: The moisture content of butter and methods of controlling it
Published by Iowa State University Digital Repository, 1903
i 58
T A B L E  4
Influence o f  -per cent o f  F a t in Cream an M oisture Content of
B utter. t
Temp. Chemical Analysis
No.
Temp.
cream
wash
water
per ct. 
fat W ater F at Curd Salt Remarks
E x p .  26  -1 85
62 50 15 15.31 82.82 .94 .93
I 86 62 50 40 26.86 69.98 1.01 2 .15  j Overchur’d a trifle.
(' 87 62 50 20 14.93 83.42 .84 .81
E x p .2 7
' 88 62 50 45 19.46 78.50 • .83 1.21
\ 89 55 50 20 14.34 83.45 1.22 .99
E x p . 28 j
' 90 55 50 35 15.77 81.87 1.06 1.30
<1 91
55 60 25 15.45 82.69 1.11 .75
E x p . 29  h
[ 92 55 60 35 16 .19 . 81 .46 1.25 1.10
: 93 55 60 25 15.97 82.30 .76 .97
E x p . 30  -
Î 94 55 60 30 16.62 80.20 1.33 1.85
1: 95 52 50 25 13.22 84.60 1.01 1.17
E x p .  31 ■
[ 96 53 50 30 14.40 83.61 1.20 .79
1: 97 57 54 27 14.63 82.70 .85 1.82
E x p . 3 2 -
[ 98 58 . 50 40 18.81 78.66 1.29 1.24
E x p .3 3 < ¡ 99 53 50 20 14.71 83.74 1.01 .54
In the above experiments the two churnings in each exper­
iment were made on the same day. All conditions except the 
percentage of fat were as nearly alike as could be had. A  cer­
tain amount of thick cream was skimmed. This was divided 
into two lots, one small and one large. A  ten per cent starter 
was added to both lots, and in addition to this enough skim- 
milk was added to the smaller lot to make it equal in quantity 
to thè larger portion. Both were ripened and churned the 
following day.
5. E ffect of W orking on the Water Content o f Butter.
Work upon this particular subject has previously been done
24
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and reported in Bulletin 71, Iowa Experiment Station.. The 
results obtained from that work show that butter of medium 
firmness', to a certain limit, loses about .3 per cent of moisture 
for every revolution it is worked in excess.
6. The E ffect o f  Pasteurization o f  Cream on Water 
Content o f  Butter.
Pasteurization of cream for buttermaking is rapidly becom­
ing one of the permanent practices in creameries. In some in­
stances it has been objected to on the general ground that the 
butter made from it did not have as good texture and did not 
contain as much moisture as that made from unpasteurized 
cream. It has now been successfully provefTthat butter having 
a good body can be made from cream which has been pasteuriz­
ed. The opinion concerning the less moisture content of pas­
teurized butter perhaps originated in Denmark, as they were 
the first ones to practice pasteurization of cream for butter­
making.
That butter made from pasteurized cream does not contain 
as much moisture as that made from raw cream is true, provid­
ing all other conditions are exactly the same. This is shown in 
the following Table 5, but the difference is so small that in 
practice it is of small importance.
So far as the moisture content of butter is concerned, pas­
teurization can be employed successfully, as the water content 
of butter can be regulated efficiently by controlling the temper­
ature of wash water and cream and the degree of churning.
TABLE 5
E ffect of Pasteurization on M oisture Content of Butter.
Exy.34
Exp. 35
Exp. 36
Temp. 
Temp, wash 
No. cream water
100 60°f  60°f
per Butter 
ct. milk 
fat test
23 1.
Temp.
of
Past.
165 F.
C hem ical A nalysis
Water
14.65
Fat
82.12
Curd
1.65
Salt
1.58
101 60 60 23 .3 not P. 15.30 82.21 1.30 1.19
102 54 60 23 .06 165 13.68 83.50 1.51 1.31
103 54 60 23 .05 not p. 15.20 81.43 1.59 1.78
104 60 60 30 1.3 165 16.81 80.10 1.47 1.62
105 60 - 60 30 .8 not P. 19.80 77.40 1.43 1.37
Remarks
Butter a 
trifle soft
Average moisture content of butter from pasteurized cream................15.06
“ “ jjr “ unpasteurized . . . . . ___16.74
25
McKay and Larsen: The moisture content of butter and methods of controlling it
Published by Iowa State University Digital Repository, 1903
i6o
The results from the above experiments show a difference 
of about 1.7 per cent of moisture in favor of the unpasteurized 
cream. Another point which developed in this work is that the 
buttermilk from the pasteurized cream contains more butterfat 
in every instance than did” the buttermilk from the raw cream.
In order to get all conditions alike for comparison of re­
sults in each experiment a definite amount of cream was taken, 
divided into two equal lots. One lot was pasteurized and a ten 
per cent starter added. To the other lot an equal amount of 
skimmilk starter was added.
Both lots in each experiment were kept at the same tem­
perature over night, ripened to the same degree as nearly as 
possible and then churned the following morning.
Why butter made from pasteurized cream should contain 
less moisture than that made from raw cream is a question of 
conjecture. It is perhaps due to the cluster-like shape, in which 
the fat globules exist in raw’ cream. Pasteurization tends to 
break up these clusters of fat globules as has been shown by 
several investigators, especially Dr. Russell. This breaking up 
of the fat globules makes the cream more thin and less viscous. 
This increase in fluidity of the pasteurized cream seems to affect 
the moisture content of the butter, made from it, in a similar 
way, as cream containing a low percentage of fat does not pro­
duce butter containing as ,much moisture as that made from 
richer cream.
7. E ffect o f Fullness o f Churu on M oisture Content o f  
B u tter.
In order to determine whether different amounts of cream 
in the churn have any influence upon the moisture content of 
butter the following experiments in Table 6 were conducted. 
Much contrary to the writer’s supposition there seems to be 
little difference in the moisture content of butter churned from 
a small churning and that made from a large churning. It was 
thought that more moisture could be incorporated in -buffer 
when chprned at about full capacity of the churn, than when 
only a small amount of cream was churned, but the results ob­
tained in these experiments do not substantiate this supposition. 
In fact, the results point a trifle in the other direction. As will 
be seen in Table 6, the average moisture content of butter made 
from the larger churning was 15.55 Per cent, and that of the. 
butter made from the smaller churning contained 16.17 per cent, 
which is a trifle in favor of the butter made from the small 
churnings.
The reason for this is perhaps due to the tendency of over-
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churning when only a small amount of cream is present in the 
churn. Another reason may be that if the temperature of the 
room is higher than that of the cream it has a tendency to raise 
the temperature of the cream during churning. The butter in 
these experiments was made in a rather warm room. Higher 
temperatures and overchurning both tend to increase the mois­
ture content of butter.
T A B L E  6
E ffect o f Fullness o f  Churn on M oisture Content o f  Butter.
, Lbs, Chemical Analysis
Temp. Test cream
Cream  
No. temp.
wash of in ,—-------
w ater cream  churn W ater F a t Curd Salt Remarks
( 106 60 50 34 150 15.63 82.20 1.44 .73
Exp. 36
( 107 60 50 34 200 16.33 81.20 1.17 1.30
f  108 57 57 34 52 16.15 81.64 1.48 .73
Exp. 37 i1 109 
l
57 57 34 308 14.44 82.27 1.61 1.68 (
1 Churned with 
d fluulty; 
churn too1i full
( 110 60 57 26 32 14.37 83.28 1.46 .89
Exp. 38
in , 69 57 26 143 13.73 84.49 1.24 .54
Í 112 66 50 15 40 19.04 78.11 1.31 1.54
Exp. 39
( 113 66 50 15 158 18.02 78.93 1.79 1.26
(114 . 54 50 23 26 15.70 81.49 1.34 1.47 '
Exp. 40
(115 54 50 23 136 15.21 81.14 ,1.74 1.91
Average moisture content of butter from small churning, ..........16.17#
“ large | .................... 15.55#
In each one of these experiments a definite amount of 
cream was ripened in one vat. A  small amount of it, for the 
smaller churning, was taken as indicated in the table, and the 
remainder for the large churning. This gave as nearly uniform 
conditions as could be obtàined.
During the winter time when churn room is cold, the room 
temperature would tend to lower the temperature of the cream 
during churning, and in that way produce firmer butter, which 
always means less moisture in it. This would be true to a 
greater extent with a small churning. It is safe to say that if it 
were possible to maintain all conditions alike, especially as to
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temperature and degree of churning there would be no differ­
ence in the moisture content of butter made from churnings of 
different sizes. t .
8. The E ffect o f D egree o f  R ifen ess o f Cream on M ois­
ture in Butter.
In order to determine this about two hundred and fifty 
pounds of cream were taken in each of the experiments reported 
in Table 7. It was divided equally between two vats. A  12 
per cent of starter was added to one vat, and an equal amount 
of sweet skim milk was added to the other half of the cream. 
This latter vat of cream was cooled down to about 50 deg. F. 
The other vat containing the starter was allowed to ripen to the 
degree of acidity indicated in the table. It was cooled down in 
the evening to 50 degrees F. and' allowed to stand until the 
next morning. Both vats of cream were then churned at the 
same churning temperature. The results obtained are as, shown 
in the following table (7).
TABLE 7
E ffect o f D egree o f  R ifen ess o f Cream on M oisture of Butter.
Temp. Per Per Chemical Analysis
No.
Temp,
cream
wash
water
ct.
fat
ct.
açidity Water Fat Curd Salt
116 56°f 58°f 25 sweet 12.02 83.77 1.62 2.52
Exp. 41
117 56 . 58 25 .6 12.80 83.70 1.47 2.03
118 52 58 25 sweet 12.23 84.24 1.55 1.98
Exp. 42
119 52 58 25 .6 12.40 84.45 1.45 1.70
120 55 58 28 .22 11.99 83.87 2.40 1.74
Exp. 43-
( 12 1 55 58 30 .6 12.65 83.65 1.50 2.20
Average moisture of butter made from sweet cream
ripe . 12.C
According to these results it will be seen that the degree 
of ripeness practically has no influence upon the moisture con­
tent of butter. This small difference of only four-tenths of a 
per cent, in favor of butter made from ripe cream, maj be laid 
to some conditions during the manufacture of the butter.
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9- Working B utter in the Presence o f  M oisture.
As to the effect of working butter in the presence of mois­
ture no series of experiments have been carried on in connec­
tion with this work. This method of incorporating moisture 
in butter should be condemned. It requires an excess of salt, 
and the water is lodged in pockets* and crevices in the butter, 
which causes the butter to show leakiness to a greater or less 
extent. If the butter is firm when the working is being done, 
moisture is expressed rather than absorbed; that is, the amount 
of moisture expressed is greater than that which is taken up 
mechanically by. the butter. The more such butter is worked 
the softer it becomes, and it is possible to continue to work 
such firm butter in the presence of moisture until the particular 
stage of softness is reached, where butter readily allows mois­
ture to be incorporated. Accidently, a churning of butter was 
being worked in the presence of moisture for about half an hour. 
Examination showed that all the moisture in the churn had dis­
appeared, and the butter was very soft and adhered to the sides 
of the churn. This butter contained over 32 per cent of water, 
but of course the body was completely spoiled. The water, 
however, did not appear in the leaky form, in which condition it 
appears when butter is firm and worked only a small amount 
in the presence of water.
This shows that working of butter tends to expel moisture 
only to a certain extent. When working is carried to an excess 
in the presence of water, moisture can also be incorporated by 
working the butter. With a normal amount of working mois­
ture .can never be incorporated without injury to the butter.
10 . E ffect o f N ature o f the F a t on M oisture Content o f  
B utter.
As to the affect of the nature of the fat, or the composition 
of the pure butterfat, no experiments have been carried on. It 
has been proven, in previous experiments, that the softer the 
butter is, the easier it will absorb and hold moisture. Judging 
from this one would come to the conclusion, that the greater the 
percentage of the softer fats, such as olein, and butyrin, there 
is present in butter, the easier it will absorb moisture, providing 
the other conditions are alike. This, however, is merely hypo­
thetical, as it may be possible that certain fats have a greater 
affinity for water than others, but presumably there is no differ­
ence in the moisture attracting properties of these different fats, 
only in so far as they affect the softness or hardness of the 
butter.
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In order to avoid leaky butter and to incorporate moisture 
in an apparently'dry condition, the results of the experiments, 
herein reported, have proven satisfactorily, that water should be 
incorporated during the churning or washing process. If at­
tempts are made to incorporate moisture during working, it will 
nearly always appear leaky'. As was mentioned before, the but­
ter should not appear in small round granules at the time of 
salting, as the salt tends to attract to the outside, and dislocate 
the minute particles of water in these granules. When these 
small granules, their surfaces covered with moisture, are caused 
to unite, the moisture will be caught in crevices of holes in the 
larger lumps of butter. If the butter is of medium firmness the 
moisture is present in such a form that when butter is worked 
this moisture will escape. This lessens the overrun, and what 
moisture there is left in these crevices will cause the butter to 
appear leaky. It is better to stop the churn while these granules 
are small, then continue the churning in not too cold wash 
water, and not too much of it. This will cause the particles to 
unite. If the salting is attempted when the butter is in this 
shape, and the butter worked immediately with the drain hole 
in the churn open, the butter will retain its moisture and there 
will be no loose moisture in it, causing it to appear leaky. In 
that way, leaky butter can be overcome without decreasing the 
quantity of moisture in the butter.
By studying the preceding tables it will be seen what degree 
of influence each of the factors previously mentioned h -^ve. In 
.this summary it is sufficient to say that temperature, degree of 
churning, and thickness of cream, are the only conditions which 
materially influence the moisture content of butter. In fact, if 
churning is carried to an excess, whether it be in the buttermilk 
or in the wastewater, all other factors are subordinate and have 
little or no influence on the moisture content of butter. Low 
temperature is the chief one which delays incorporation of mois­
ture on excessive churning; so under all conditions, when tem­
perature of cream and wash water is normal, the percent of 
moisture can easily be controlled by different amounts of churn­
ing.
As stated before, it is better to control the moisture content 
of -butter by churning in the wash water, rather than to over­
churn in the buttermilk, as by overchurning in the buttermilk, 
too much curd and milk sugar are incorporated in the butter. 
This is likely to sour the butter, and it also gives the butter a 
dull light color. If churned a trifle in the wash water it will 
retain, its bright appearance longer, and still contain a higher
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percent of moisture. If churned to an excess in the wash water, 
it will also lose its color. It becomes very .pale and dead ap­
pearing in a short time, if attempts are made to over-churn 
excessively:
In a short time a creamery operator can easily learn to 
control the moisture content of butter, by having the tempera­
ture of the wash water, or rather the degree of softness of the 
butter, just right. It is advisable to churn at a medium low 
temperature, otherwise too much fat is left in the buttermilk, 
but the temperature of the wash water can then be raised a trifle 
and any reasonable percentage of moistu're can be incorporated.
During all of these' experiments the quality of butter from 
each churning was carefully noted, and the maximum amount of 
moisture which butter can contain without injury to the com­
mercial quality of it, has already been fixed by the Government 
to be 16 per cent. This standard, however, does not mean that 
more moisture cannot be incorporated without injury to its 
commercial appearance and value, but it is a standard which has 
been set in justice to consumers, and also to the producers. In 
this work it has been demonstrated that butter can contain 18 
per cent moisture without having it assume any abnormal ap­
pearances and properties. -It requires even a good judge to 
point out butter that contains as much as 20 per cent moisture, 
providing it has been incorporated properly.
C O N C L U S IO N S
(1) The amount of overrun depends upon, (a) thorough­
ness of skimming, (b) completeness of churning, (c) general 
leaks in creameries, and (d) upon the composition of the butter 
manufactured.
(2) Churning in a warm room and raising the temperature 
of the cream and wash water cause the butter to become softer 
and unite into lumps, in which condition it holds and retains 
moisture to a greater extent than when butter is firmer.
(3) An increase in the size of granules due to overchurn­
ing increases thex moisture content gradually and only to a small 
extent. By churning into lumps, the moisture content of butter 
is increased greatly.
(4) Butter should not be overchurned in the buttermilk as 
too much curd and milk sugar are incorporated. This cannot 
readily be removed, and in many instances it injures the flavor 
and keeping quality of butter.
(5) The moisture content of butter can be regulated by 
controlling the.temperatures, the amount of wash water, and 
degree of churning in the wash water.
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(6) The richer the cream is at the time of churning, the 
more moisture the butter obtained will cpntain, providing all 
other conditions are alike.
(7) When all other conditions are the same, butter from 
pasteurized' cream contains about 1 1-2 per cent less moisture 
than that made from raw cream.
(8) The degree of ripeness has very little if any influence 
upon the moisture content of butter.
(9) If it were possible to keep all conditions alike the ful­
ness of churn will have no influence on the moisture content of 
butter.
(10) Butter can contain 18 per cent moisture without any 
apparent injury to the commercial quality of the butter. It re­
quires a keen observer and a good judge to fault butter contain­
ing as much as 20 per cent, without the use of a special test, 
when moisture has been properly incorporated.
(11) In order to avoid leaky butter, the moisture should 
be incorporated during the churning and washing process. The 
butter should be salted and worked in the absence of water in 
thé churn and the drain hole should be left open during the 
working period.
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